Extracts and essential oils from seeds as well as essential oils from cone scales and needles with twigs of the Abies koreana population were studied. An analysis of Korean fir essential oils allowed us to determine 147 volatile compounds. The identified compounds constituted 97-99% of the seed, cone and needle oils. The main volatile in the seed and needle oils was limonene (56.6% and 23.4%, respectively), while the predominant volatile in cone oils was α-pinene (51.2%). Korean fir seeds provided a rich source of both essential oil (3.8-8.5%) and extract, which was isolated with a 24.5% yield and contained numerous groups of fatty acids and phytosterols (414 µg/100g extract). The most prominent fatty acids were unsaturated, among which linoleic (41.2%) and oleic (31.2%) fatty acid were the main ones while the dominant sterols were isomers of ergostadienol and β-sitosterol. A. koreana seeds, cones and needles are a source of many volatile bioactive compounds while the seed extract, with a pleasant scent, contained not only volatiles, but also fractions rich in fatty acids and phytosterols. These facts make A. koreana essential oils and especially the seed extract potential components of cosmetics.
Abies koreana E.H. Wilson is a fir that grows in the upper parts (up to 2000 m) of Mts Halla, Chiri, Mudung, Kaji and Dukyu, which are located in the southern part of the Korean peninsula. The species is a small to medium-sized evergreen coniferous tree growing up to 10-18 m tall [1a] . A. koreana was discovered and collected by Wilson in Quelpaert (Jeju, Korea) in 1917. From the Korean natural forests this fir was introduced to Polish Arboreta in 1929. This fir is a very popular ornamental plant in European gardens in cool climates. In Poland the tree is grown for both its foliage and abundant cone production, even on young trees only 1-2 m tall [1b]. The Korean fir, like other species of Abies, has been used to treat colds and stomach aches, as well as for vascular, indigestion and pulmonary diseases in folk medicine [1c] .
The composition of essential oils of different A. koreana organs has previously been investigated [2] . However, experiments were carried out usually either on only one specimen or on a combined essential oil mixture from several firs. There are a few publications which have reported the chemical composition of the needle essential oils of A. koreana grown in Korea, Poland and Belarus [2] . To our best knowledge there is also one publication that focused on essential oil from cones (with seeds) [3a] and one on the seed essential oil [3b] . We also found one manuscript which dealt with the composition of A. koreana seed fatty acids. There is no information about phytosterols. To our knowledge, no extensive studies have been reported on the chemical composition of seed oils and essential oils from simultaneously the seeds, cones and needles of a population of a few A. koreana specimens. Therefore, we focused on determining the fatty acids and phytosterol contents of the seed extract and the volatile components of the essential oils isolated from fir organs (seeds, cones, needles).
The volatile terpenes, fatty acids and phytosterols were determined in the seeds of a population of nine A. koreana specimens. We also detected volatile terpenes (C:10-C:20) in Korean fir cone scales and needles. Seed essential oils with a very interesting, pleasant, resinous scent with a citrus note were isolated with a yield in the range of 3.8-8.5%. Korean fir seeds were a seven times richer source of essential oils (average: 4.9%) when compared with oils from the cones (average yield 0.7%) and needles (0.9%). The green, resinous scent of needle oils was also interesting, while cone oils had a woody, earthy and heavy scent. Our results were similar to those cited in the literature [2, 3] . GC-RI and GC-MS analysis led to the determination of 147 volatiles in fir oils (Table 1) . The identified compounds constituted 97-99% of the seed, cone and needle volatile mixture. We have already published a detailed analysis of seed essential oils [3b]. However, to make a comparison of essential oils simultaneously between seeds and yet unpublished cone scales and needles from the same population of Korean fir we show the shortened results from the analysis of seeds.
The qualitative composition of all oils isolated from one fir tissue was very similar, but we observed that the content of volatiles varied among the 9 specimens of Korean fir, both between tree organs and between the same conifer tissue. For many volatiles these differences were very significant, irrespective of the populations that were examined and grown in the neighborhood and that were introduced to the arboretum from the same seed packet.
The main volatile group in the examined fir organ oils was monoterpene hydrocarbons. However, the seed oils contained the highest amount of these compounds: 85.0±8.5%. The lowest level was found in the needle oils (63.9±13.3%). The main volatile in the seed and needle essential oils was limonene, which constituted 56.5±11.3% and 23.4±12.8% of the oils, respectively. The second main compound in these flavor mixtures was α-pinene. Its content in the seed and needle oils was on a rather similar level (17.1±9.1% and 21.5±10.0%, respectively). α-Pinene was dominant in cone oils (51.2±16.8%). Cone and needle oils are characterized by a two times higher concentration and, at the same time, a very numerous group (31 compounds) of monoterpenoids, as compared with seed oils. Bornyl acetate, with a camphoric and resinous scent, is the main monoterpenoid in all the analyzed oils (2.2-8.0%). Cone scale oils also contained in high concentrations: trans-pinocarveol, cisverbenol, borneol, myrtenal, myrtenol and verbenone; the sum of their average amount was 12.1% of the cone oil. Although sesquiterpene hydrocarbons and their oxygenated derivatives are the most numerous group in the examined oils, comprising 70 compounds, they constituted only from 3% in the cone oils to 10.9% in the needle oils. Intermedeol (3.0-7.9%), guaia-10(14),11diene (0-2.2%) and α-bisabolol (0.1-1.5%) were the dominant sesquiterpenes; the great majority of the others were found in trace amounts. Diterpene hydrocarbons and their oxygenated derivatives (9 compounds) were identified in the lowest amount in the essential oils (0.2-0.9%), with abietal, abienol, abieta-7,13-diene and isopimara-8,15-diene being the main diterpenes in most of the examined oils. As the result of volatile analyses of different fir tissues, large differences were observed, not only between the composition of essential oil from different tree tissues, but also from oils isolated from the same tissue. The differences in the quantitative composition of volatiles of the examined individual woods may arise from the fact that biosynthesis of terpenoids is controlled by genetic factors and may be caused by an insect or fungal pathogen attack induced by different environmental conditions [4]. As described above, the seeds were a rich source of essential oil, and our results also show that Korean fir seeds contained an extract isolated with an average 24.5% yield (18. 7-35.4%: 9 specimens) . In the oils we could identify 14 fatty acids (Table 2) . Saturated fatty acids comprised 7.9%, monounsaturated fatty acids comprised 31.9% and the most abundant polyunsaturated fatty acids were detected at a level of 60.1%, among which linoleic acid was dominant (41.2 ± 1.1%). Δ5-Olefinic acids with chain lengths C 18 and C 20 (taxoleic, pinolenic, sciadonic) , which were also detected in the examined A. koreana seed extracts, are characteristic of Pinaceae seed lipids. Our results were in accordance with literature data [5] , but lignoceric acid was found for the first time in the examined A. koreana seed oil. In the seed extract we also found phytosterols in an average amount of 414 (±95.6) µg/100 g extract. The main phytosterols were ergosta-8,24(28)-dien-3-ol and β-sitosterol, found on a similar level: 153 and 151 µg/100 g, respectively. Campesterol, ergosta-5,24(28)dien-3-ol and ergosterol were also detected, but in smaller quantities: 54.5, 25.6 and 29.5 µg/100 g, respectively.
In summary, A. koreana seeds, cones and needles were a source of many volatile bioactive compounds. What is more, Korean fir seeds constitute a rich source of extract which, because of its high content of volatile terpenes has a pleasant and refreshing scent, and the seed extract also contained fractions rich in fatty acids, mainly unsaturated fatty acids and phytosterols. This fact makes A. koreana essential oils or extracts potential components for the cosmetics industry.
Experimental
Plant material: Needles and cones with seeds were hand-picked from 9 specimens of Abies koreana E.H. Wilson growing in central Poland, in September 2009. Eight 32-year old firs were grown in Rogów Arboretum, in a close neighbourhood (about 200m 2 area); one 15-year old tree was grown in Łódź suburb. The population in the Arboretum was introduced there from a Korean natural forest.
Isolation of essential oils: Hydrodistillation (4 h) using a Clevenger-type apparatus of the cone scales and cut needles with twigs was conducted two times in parallel, while hydrodistillation of the crushed ripe seeds was performed 3 times in parallel.
Extract preparation:
The ground seeds (2-37 g) were extracted with n-hexane in a Soxhlet apparatus (8 h).
Phytosterol Sample Preparation:
Phytosterols were prepared according to the literature [6] .
Fatty acid methyl ester (FAME) preparation:
The FAMEs were prepared according to the literature [7] .
Chromatographic analysis:
The analyses were performed on a Trace GC Ultra coupled with a DSQII mass spectrometer (Thermo Electron). GC-FID and MS analysis was performed using a MS-FID splitter (SGE Analytical Science). 
